Background: Immune reconstitution inflammatory syndrome (IRIS) is a phenomenon initially described in patients with human immunodeficiency virus. Upon initiation of combination antiretroviral therapy, recovery of cellular immunity triggers inflammation to a preexisting infection or antigen that causes paradoxical worsening of clinical disease. A similar phenomenon can occur in human immunodeficiency virus-negative patients, including pregnant women, neutropenic hosts, solidorgan or stem cell transplant recipients, and patients receiving tumor necrosis factor inhibitors.
I
MMUNE RECONSTITUTION INFLAMmatory syndrome (IRIS) is a clinical phenomenon first characterized in patients with human immunodeficiency virus (HIV) with initiation of combination antiretroviral therapy (cART). In IRIS, recovery of antigen-specific cellular immunity is associated with inflammation of a preexisting antigen or infection that causes paradoxical clinical deterioration. More than half of HIV-associated IRIS cases present with cutaneous manifestations. 1 These include worsening or unmasking of common skin conditions, such as seborrheic dermatitis, herpes virus infection, or molluscum contagiosum, as well as more rare dermatologic entities, such as Kaposi's sarcoma, leishmaniasis, and leprosy. 2, 3 The concept of IRIS occurring in HIVnegative patients has also been reported 4 ; a similar phenomenon, termed a paradoxical response, was first described in otherwise healthy patients undergoing treatment for tuberculosis. More recently, however, many individual case reports 5, 6 have described similar reactions in a wide array of immunosuppressed patients, including pregnant women, neutropenic hosts, solid-organ or stem cell transplant recipients, and patients receiving tumor necrosis factor inhibitors. The spectrum of IRIS-related conditions seen in these populations is broad but dominated by deep fungal and mycobacterial infections.
Here we present a case of leprosydowngrading reaction in a patient following engraftment after a stem cell transplant (SCT). This case shares many features with IRIS in leprosy-infected HIVpositive patients, but there are important differences. We discuss this case in the context of a brief review of the types of reactions seen in other HIV-negative patients and the applicability of the term IRIS to reactions seen in the HIV-negative population.
REPORT OF A CASE
A 50-year-old Filipino man was admitted for allogeneic SCT to treat idiopathic myelofibrosis in which medical management had failed. His history was notable for 2 pruritic plaques on the left arm and right cheek that had been present for 6 months. He underwent induction chemotherapy with fludarabine phosphate and busulfan, followed by a matched sibling donor allogeneic SCT. On day 5 after transplant, he developed neutropenia and fever. On day 6, the dermatology service was consulted to evaluate a new skin lesion on the patient's left forearm. Examination revealed a small, ill-defined, indurated, erythematous plaque on the left forearm ( Figure 1A) and an annular erythematous plaque with central clearing and fine scale measuring several centimeters on the left bicep. A biopsy specimen from the left forearm showed a sparse, superficial and deep, perivascular and periadnexal infiltrate for which a specific diagnosis could not be rendered ( Figure 1B) . Results of tissue cultures for bacteria, fungus, and mycobacteria were negative.
The patient was discharged and presented to the outpatient clinic 4 months later with marked induration of the previously noted areas plus new erythematous to violaceous papules and plaques on the right deltoid, cheek, and tragus (Figure 2A and 2B). Examination of a second biopsy specimen revealed clusters of epithelioid and foamy macrophages ( Figure 2C ) shown by Fite stain to contain many acid-fast bacilli. There were also numerous lymphocytes, consistent with a clinical diagnosis of multibacillary leprosy undergoing type 1 reaction. Acidfast bacilli were seen on a biopsy touch preparation but were not recovered in the tissue culture. A retrospective Fite stain performed on the initial skin biopsy specimen taken 6 days after transplant demonstrated acid-fast bacilli in the perivascular and perineural dermis in a microscopic pattern consistent with an occult undefined leprosy ( Figure 1C ). Antimicrobial treatment was started, but the patient developed chronic graft-vs-host disease requiring ongoing immunosuppression. He died of nonmycobacterial pneumonia and sepsis 2 years after the transplant.
COMMENT
Immune reconstitution inflammatory syndrome describes the clinical phenomenon of paradoxical worsening of disease resulting from a proinflammatory response to a preexisting antigen or infection; however, a universal set of diagnostic criteria is lacking. 7, 8 When inflammation is seen in the setting of immune recovery, it is tempting to indiscriminately ascribe it to IRIS, but are we always correct in doing so? In the case presented herein, we questioned whether the observed phenomena represented IRIS or rather just the natural progression of leprosy. Here we explore potential explanations for our patient's clinical course and discuss more broadly the concept of IRIS outside the setting of HIV.
This case demonstrates the evolution of leprosy infection in response to multiple immunologic shifts from a state of terminal myelodysplasia, through induction chemotherapy, and finally toward a reconstituted immune state following SCT. Our patient was likely infected with Mycobacterium leprae years earlier in the Philippines. The plaques on his left arm and right cheek preceding transplant probably represented early lepromatous lesions but were never examined by a dermatologist, tested for anesthesia, or biopsied, making firm classification difficult. After the myeloablative conditioning regimen for his SCT, our patient experienced rapid progression toward a multibacillary lepromatous phenotype evidenced by many acid-fast bacilli in the biopsy specimen 1 week after transplant and the appearance of new lesions. Several months after transplant, he developed marked clinical and microscopic inflammation of existing and new skin lesions consistent with a type 1 reaction. 9 Our patient's case details a series of events that could be consistent with IRIS. In patients coinfected with HIV and M leprae, initiation of cART has been associated with 2 IRIS phenomena: either unmasking of previously unrecognized leprosy or type 1 upgrading reactions with inflammation in preexisting skin lesions. [10] [11] [12] Our case demonstrated unmasking of previously occult leprosy, but this occurred in the setting of worsening immunosuppression just after preconditioning chemotherapy and SCT and so cannot be considered along the IRIS spectrum. Conversely, several months after transplant and following engraftment, there was clinical and histopathologic evidence of inflammation corresponding to a type 1 leprosy reaction. Because this reaction occurred in the window of immune recovery, it could fit with the definition of IRIS in the preceding paragraph. An analogous reaction to leprosy in an SCT recipient has been reported. 13 In that case, borderline leprosy was diagnosed before SCT, with treatment resulting in regression of skin lesions. Months after SCT, despite ongoing antimycobacterial therapy, the patient developed recurrent skin lesions and new inflammation. The authors postulated that regeneration of CD4 ϩ cells during this period triggered a type 1 upgrading reaction. Similarly, we suspect that gradual recovery of our patient's cell-mediated immunity may have led to increased clinical recognition and inflammation of his multibacillary disease, which could reasonably be termed IRIS.
An alternative explanation for these same events is that our patient experienced a natural progression of his leprosy infection and that the observed inflammation was not a result of immune reconstitution. For most antigens or infections, the immune response is relatively uniform across a population and constant over time. However, leprosy gives rise to a broad clinical spectrum of disease, even in immunocompetent individuals.
14 Likewise, the disease course is characteristically dynamic, with type 1 leprosy reactions occurring spontaneously or after initiation of leprosy treatment. 15 Our understanding of these phenomena remains limited. The traditional schema of tuberculoid paucibacillary disease representing strong cell-mediated immunity to M leprae and lepromatous multibacillary disease representing weak cellmediated immunity has obvious limitations as we learn more about the role of various T-cell subsets (eg, helper T cell type 17 [T H 17] and regulatory T cells) and innate immunity (eg, pattern recognition receptors) in disease pathogenesis. 16, 17 The effects of immunosuppression on leprosy are likewise complicated and poorly understood, as evidenced by the surprising observation that paucibacillary disease still predominates in HIVinfected patients with low CD4 ϩ counts. 18 We believe that the shifts in our patient's immune system caused by his chemotherapy and subsequent SCT are likely to have influenced the course of his disease; however, proof is lacking. One plausible explanation is that the inflammation seen months after transplant was a delayed manifestation of an initial downgrading reaction triggered by the SCT preconditioning regimen and not related to immune reconstitution. Unfortunately, distinguishing between these 2 possibilities is difficult, if not impossible.
This case highlights not only the complex immunopathophysiologic characteristics of leprosy but also those of IRIS. Immune reconstitution inflammatory syndrome is classically thought of in HIV-positive patients after initiation of cART and has been best studied in this setting. The recovery of CD4 ϩ T cells following cART is accompanied by a shift from a T H 2-toward a T H 1-and T H 17-dominant profile, as well as deficient expansion or delayed functional recovery of the regulatory T-cell population. In patients who develop IRIS, these factors may lead to a dysregulated proinflammatory state causing unchecked inflammation driven by an occult infection or residual organism or antigenic debris from a prior infection. 19 Other less well-characterized immune shifts may accompany cART, such as those affecting CD8 ϩ T cells or innate immunity. The relative importance of these various immunologic events in IRIS is unclear and likely differs on a case-by-case basis, with the underlying antigen being a key differentiating factor. Thus, even with HIV, it is probably best to conceptualize IRIS as a clinical phenomenon that can result from a wide variety of immunologic pathways. 20 Immune reconstitution reactions in HIV-negative patients are similarly defined by a robust inflammatory response to a preexisting antigen or infection that occurs with recovery of host immune function. 6 The mechanism of these reactions has not been studied in detail but likely reflects an even broader spectrum of immunologic events that differ on the basis of not only the underlying antigenic trigger but also the specific nature of the immunosuppressive state. For solid-organ transplant recipients, medications used to prevent graft rejection suppress T H 1 and T H 17 subsets preferentially. 21 Withdrawal or tapering of these agents is often seen as a trigger for the IRIS reaction. In pregnancy, maternal hormones modulate the immune system by enhancing T H 2 and regulatory T-cell responses to promote tolerance to fetal antigens. Rebound toward a T H 1-dominant response in the postpartum period may theoretically increase the inflammatory response to an underlying infection or exacerbate autoimmune disease. 22 Rapid recovery of neutrophils in neutropenic patients has been associated with clinical worsening of pulmonary aspergillosis and disseminated candidiasis. 23, 24 Tumor necrosis factor inhibitors suppress T H 1-type inflammation and are well known to increase the risk for tuberculosis. In patients who develop tuberculosis while receiving tumor necrosis factor inhibitors, there are reports 25 of paradoxical clinical deterioration after withdrawal of the medication despite initiation of tuberculosis therapy. Leprosy unmasking has also been reported 26 during treatment with tumor necrosis factor inhibitors; patients experienced accelerated progression of infection while receiving infliximab and subsequent type 1 upgrading reaction on its withdrawal. For SCT recipients, inflammation may stem from recovery of host (and/or donor) cellular immunity following chemotherapy and engraftment, withdrawal of immunosuppression, and other factors. 27, 28 Such wide variety in both clinical presentation and underlying immunopathophysiologic factors makes confident diagnosis of immune reconstitution reactions a unique challenge for the health care provider. This challenge is even more apparent when considering IRIS in other forms of immunosuppression in contrast to IRIS seen in the setting of HIV. Using the common term IRIS across these populations risks oversimplification but highlights the key unifying principle: IRIS represents a clinical phenomenon of immune-mediated inflammation associated with infection or antigens that occurs in an array of immunosuppressive states. Recognizing cases in which worsening symptoms are attributable to immune reconstitution rather than a new infection or an adverse drug reaction is clinically important, since treatment often requires counterintuitive measures, such as increased immunosuppression. Use of a common term should not deter us, however, from seeking to understand the mechanisms on a case-by-case basis, defining diagnostic criteria, or considering alternative explanations for what is observed. Instead, continuing to compare and contrast similar phenomena between HIV-positive and HIVnegative patients may shed additional light on the subject. 
